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Introduction
Non-palpable breast cancers have increased over time due to the wide adoption of screening mammography and improved patients' awareness [1] [2] [3] . The standard of care for surgical treatment of these lesions is breast-conserving surgery [4] . Today the surgeon should perform a tailored resection to ensure clear margins with smaller resection volumes, in order to associate a reduced risk of local relapse with a satisfactory cosmetic outcome [5] . Despite huge advances in breast cancer management and the recent revolution of the concept of adequate margin, re-interventions still range from 20 to 50% [6, 7] . To minimize reoperations rate, an accurate preoperative localization was considered mandatory to accurately plan surgery of non-palpable lesions [8] .
However, yet no localization technique proved to be superior [8, 9] . Comparisons between techniques have been often performed without considering the type of non-palpable lesion, although microcalcifications and mass-like lesions could require different localization methods to optimize surgery, related to their different clinical features such as visibility on mammography or ultrasound (US). Therefore, lesion type may impact the choice of localization technique. We have previously described the usefulness of the preoperative localization of a titanium clip embedded with a collagen plug (TCC), positioned after biopsy and visible on US, as a stand-alone technique in nonpalpable breast cancer surgery [10] .
The aim of the present study was to compare the US localization of TCC vs. US radio-guided occult lesion localization (ROLL) in terms of clear margins, re-interventions and resection volumes in non-palpable mass-like breast cancers from a screened population.
Clear margins were defined as no ink on tumor in case of invasive cancer, and 2 mm of free margin in case of ductal carcinoma in situ (DCIS) [11, 12] . In case of positive margins, the extent of involvement (focal vs. extensive) and the number of involved margins were reported. After surgery, all cases were discussed in the multidisciplinary meeting. The standard approach in case of positive margins was a re-operation: specifically, a re-excision of the breast parenchyma surrounding the surgical cavity was considered in case of a single margin involvement or multiple focally involved margins; in case of extensive involvement of multiple margins, or whether multifocality was observed, a total mastectomy was proposed. However, if a single focally positive margin was observed on final pathology, in selected cases with associated favorable features no further surgery was proposed, provided that adjuvant therapy was administered.
To accurately calculate resection volumes, the three dimensions of surgical specimen and of tumor were recorded after surgery. As previously reported, both cancer and specimen were considered as ellipsoids [5, 10] . The optimal resection volume (ORV) was defined as the tumor volume plus 1 cm of macroscopically clear tissue on all margins, by the following formula:
where a, b and c are the three tumor diameters expressed in cm. The total resection volume (TRV) was calculated by the formula: with d, e and f being the three specimen dimensions. Finally, the calculated resection ratio (CRR) expressed the amount of excess of resected breast tissue and thus a parameter to evaluate the adequacy of resection, has been obtained with the formula:
Margins status, re-interventions and CRR were also separately analyzed comparing ROLL and TCC in lesions with or without extensive intraductal component (EIC), to verify the impact of EIC on performance of the two localization techniques.
Updated follow up data were retrieved by the prospectively-maintained institutional database of the Breast Unit. In case of missing follow up, data were obtained from recent outpatient routine clinical evaluations, or by phone interview. Loco-regional recurrence was defined as the occurrence of ipsilateral breast cancer or nodal disease proven on core biopsy. Distant metastasis was defined as the occurrence of distant lesions with computed tomography and positron emission tomography characteristics highly suggestive of malignancy. Cancer-related death was defined as the breast-cancer specific mortality.
Localization techniques and surgery
In TCC group, patients underwent preoperative localization of the clip with US, being in supine position with the upper limb abducted, thus resembling the same setting of the operating room. A mark was placed on the skin overlying the position of TCC. During surgery, a skin incision followed the mark and resection was performed excising breast tissue from skin deep to pectoralis major's fascia [10] . Then, an X-ray on the specimen was obtained to check the removal of the clip, its centricity into the specimen, and the macroscopic adequacy of margins. In ROLL group, 15-25
MBq of 99mTc-labelled human serum albumin nanocolloids (Nanocoll, GEHC, Italy) in 0.2 mL saline were injected into the lesion under US guidance on the day before surgery [13, 14] . The needle tip was positioned at the center of the lesion using a linear probe (7.5-10 MHz), and radiotracer was then injected. Then, a scintigraphy was performed to assess the adequacy of procedure. During surgery, a gamma probe (Bluetooth Neoprobe Gamma Detection System) was used to localize the lesion projection on breast skin, where the incision was made. Resection was then guided by the gamma probe, to repeatedly check the inclusion of the lesion into the specimen. After lesion removal, the gamma probe was used to assess possible residual signal in the resection cavity. In all cases, the sentinel lymph node was detected with the radioisotope technique. All the procedures were performed by the same surgical equipe.
Statistical analysis
For all patients clinical and pathological variables were collected in a prospectively-maintained database. Differences between TCC and ROLL patients were assessed to verify the heterogeneity of the study population. Due to the non-random design of the study and the patient selection in assigning localization technique, a propensity score-matched analysis was performed, matching patients according to preoperative variables. TCC and ROLL patients were matched in a 1:1 ratio and compared with a logistic regression model adjusted for post-operative variables significantly associated with the outcomes, to avoid any bias. Variables were reported as means ± standard deviations or as absolute numbers and percentages. Categorical variables were compared using χ 2 test or Fisher exact test (two-tailed), while continuous variables were compared using Student's T test. Bartlett's test for homogeneity of variances was performed on mean CRRs with ROLL vs. TCC. Statistical significance was set at p<0.05. Data analysis was performed using STATA software (v. 13, StataCorp, Austin, USA). 92.3% of TCC cases (p=0.684). No differences were observed in total resection volumes (p=0.534) or re-interventions (p=0.815). However, mean CRR was significantly lower in ROLL patients (3.0 ±2.1 vs. 4.5 ±1.6, p=0.017). No significant differences were observed between ROLL and TCC in patients without associated EIC. All these data are reported in Table 3 . Table 2 .
Results

Variables distribution between TCC and ROLL
Adjuvant treatments and oncologic outcomes
Propensity score-matched analysis and multivariate logistic regression
After propensity-score matching, no differences were found in margins status with the two localiza- In the present study, ROLL and TCC were associated to similar involved margin rates (respectively 9.1% vs. 10.9%) and similar re-intervention rates (6.7% vs. 1.6%). A discrepancy between involved margins and re-intervention rates could be observed, since 11 patients on 26 with involved margins
were not re-operated. All these patients had only a focal involvement of a single margin and presented with favourable features (age >50 years, Luminal A lesions, no axillary involvement), therefore after discussion of each case in the multidisciplinary meeting of the Breast Unit, a re-excision was avoided. TCC. This finding may be related to the lack of an intraoperative guidance during TCC-guided surgery, thus the surgeon may be prone to excise more than needed in treating lesions with associated microcalcifications/EIC. Accordingly, lesion size and presence of DCIS emerged as independent predictors of higher CRR on multivariate analysis after propensity score matching. Since CRR itself normalizes the volume of resection on lesion size, a correlation between higher size and higher CRR means that surgeons performed wider excisions if they faced wider lesions or DCIS. Despite this tendency and the higher proportion of patients with EIC (34.9% vs. 20.3%, p=0.031), ROLL allowed a more tailored surgery compared to TCC, and standardization of surgery thanks to ROLL was demonstrated by the lower dispersion of mean CRR (p=0.0002). Indeed, intraoperative guiding with ROLL, by continuously checking with the probe the position of the lesion, allowed to tailor the resection in real-time, conversely to TCC-guided surgery [24, 25] .
No difference was observed in oncologic outcomes between ROLL and TCC patients, and in particular loco-regional recurrences were less frequent among ROLL patients (1.9% vs. 3.2%, p=0.628), despite their lower volumes of resection. Thus, TCC-guided surgery was associated to excessive breast resections without a benefit in loco-regional control. Anyway, these findings should be cautiously taken into account because follow up was quite short, being no more than 24 months. HER2-positive and triple-negative breast cancers are associated to early events, but Luminal cancers (the majority of cases in this series) are more frequently late-recurring, thus possible recurrences may be missed in the present study [26] .
No differences were observed in surgery time between ROLL and TCC (respectively 65 vs. 62.9 minutes) despite operative time included also the intraoperative X-ray of specimen to check the po- although ROLL confirmed to be associated with improved cosmesis [8] . Both WGL and RSL have well known drawbacks, such as displacement, fracture or patient's discomfort in case of WGL, and an additional procedure before surgery to insert the seed, as well as radioactivity handling and disposal concerns, in case of RSL [8] . Most of previous studies were designed before the recent definition of adequate margins for invasive cancer and DCIS, and frequently patients with benign or uncertain lesions were included, conversely to the present study [8, [27] [28] [29] [30] [31] [32] [33] . Furthermore, adequacy of resection has been often evaluated on specimen volumes or weight, or patients' cosmetic satisfaction, without accurately correlating resection volumes with lesion size by CRR. A proper and standardized evaluation of resected volumes should be imperative in this kind of studies, since adequacy of resection is a main end-point for breast-conserving surgery of non-palpable cancers, and current imprecisions and heterogeneity in volumes measurement have led to inconsistent or controversial results [36, 37] .
A limitation of the present study is its retrospective and non-random design, which could have potentially affected distribution of baseline variables between groups. However, only BI-RADS and grading resulted to be significantly different, and a propensity score matching with multivariate analysis was performed to avoid bias. Furthermore, the relatively short follow up could have biased the loco-regional recurrence rates between ROLL and TCC patients.
Conclusions
Our findings suggest that ROLL and US localization of TCC are equally effective to excise nonpalpable mass-like breast cancers with clear margins, providing similar loco-regional control, if wisely used in a tertiary referral center. However, ROLL is associated to significantly reduced resection volumes, allowing to perform more tailored and standardized breast resections particularly if extensive intraductal component is present. CRR: calculated resection ratio; ROLL: radio-guided occult lesion localization; TCC: titanium clip with collagen.
